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We propose a two-Higgs-doublet model embedded with three right-handed neutrinos, in which the
phenomenologically motivated Yukawa interactions are generated via a UQ(1)
3 ×UL(1)3 symmetry
restoration mechanism. By attributing the breaking source to the known fermion masses, we induce
mass-powered Yukawa textures, which are then applied to incorporate correlatively the neutrino
mass, dark matter, as well as the lepton-flavor universality violations in RK(∗) and RD(∗) . Specifi-
cally, two atmospheric-scale neutrino masses are generated by a U(1)-symmetry-protected low-scale
seesaw mechanism, while the much lighter one, being of O(10−6) eV, is fixed by a 7.1 keV sterile
neutrino dark matter that is produced primevally by the freeze-in mechanism. On the other hand,
the neutrino and charged-lepton mass hierarchies encoded in the mass-powered textures can natu-
rally account for the RK(∗) and RD(∗) anomalies, respectively. As a further application, a milder
discrepancy of the muon g− 2 is suggested, which is in line with the recently refined lattice results.
Introduction.—The neutrino mass and dark matter
(DM) are two well-known signatures that require new
physics (NP) beyond the Standard Model (SM). To-
wards solving these two momentous issues in particle
physics, some tantalizing NP signals observed in B-meson
decays, such as the ratios of the branching fractions
RK(∗) = B(B → K(∗)µ+µ−)/B(B → K(∗)e+e−) and
RD(∗) = B(B → D(∗)τ ν¯)/B(B → D(∗)`ν¯) with ` = e, µ,
can provide complementary incentives in pinning down
the underlying NP theory [1, 2].
With the updated LHCb measurement in the dilepton
invariant mass squared range q2 = [1.1, 6.0] GeV2, RK =
0.846+0.060−0.054(stat)
+0.016
−0.014(syst) [3], together with the previ-
ous RK∗ data, RK∗ = 0.69
+0.11
−0.07(stat) ± 0.05(syst) [4],
discrepancies at the level of ∼ 2.5σ are found with
respect to their respective SM predictions (both be-
ing equal to one up to a few percent corrections [5]).
The new Belle result of RK∗ [6], given its sizable un-
certainty, is also compatible with the LHCb measure-
ment [4]. For the ratios RD(∗) , the latest combination of
the BaBar [7, 8], Belle [9–12], and LHCb [13–15] measure-
ments performed by the Heavy Flavor Averaging Group
gives RD = 0.340± 0.027(stat)± 0.013(syst) and RD∗ =
0.295 ± 0.011(stat) ± 0.008(syst) [16], exhibiting a 3.1σ
deviation from the SM predictions, RSMD = 0.299± 0.003
and RSMD∗ = 0.258 ± 0.005 (see [16] for a list of SM pre-
dictions). Benefiting from cancelations of large parts of
the hadronic uncertainties, the RK(∗) and RD(∗) anoma-
lies, if confirmed, would hint at lepton-flavor universality
violation (LFUV) that is not accountable within the SM.
In recent years, a two-Higgs-doublet model (2HDM)
with generic Yukawa structures [17] has been investi-
gated intensively. This framework can explain the RD(∗)
anomalies with sizable top-charm couplings [18–20] and,
when embedded with three right-handed neutrinos, ad-
dress the neutrino mass and the RK(∗) anomalies simul-
taneously [20] or the 7.1 keV sterile neutrino dark mat-
ter [21, 22]. One might, therefore, expect the general
2HDM with three right-handed neutrinos as a promising
candidate to unify these NP signals. However, the model
generically invokes overabundant (unknown) Yukawa pa-
rameters and hence limits its capabilities of theory pre-
diction and correlation. Thus, understanding the origin
of the phenomenologically motivated Yukawa structures
becomes especially crucial to further exploit the model.
In this Letter, we propose a symmetry restoration
mechanism (SRM) which means that the underlying sym-
metries would be recovered under vanishing symmetry
breaking sources (SBS). Taking the fermion masses as
the sole SBS of a UQ(1)
3×UL(1)3 symmetry that is con-
served by all but the Yukawa sector of the model, we
then induce for the new Yukawa matrices succinct and
predictable mass-powered textures, which enable us to
incorporate correlatively the neutrino mass, DM, as well
as the RK(∗) and RD(∗) anomalies within the framework.
The model.— Considering a general 2HDM with three
right-handed neutrinos present already in the physical
basis, we can express the Yukawa Lagrangian as
LY = LH1 + LH2 ,
LH1 = −Q¯LV †YˆuH˜1uR − Q¯LYˆdH1dR − E¯LYˆ`H1eR
− E¯LU∗ν YˆνH˜1ncL + H.c.,
LH2 = −Q¯LV †YuH˜2uR − Q¯LYdH2dR − E¯LY`H2eR
− E¯LYνH˜2ncL + H.c., (1)
plus a Majorana mass term for the right-handed neutri-
nos, −N¯ cRMRNR/2. Here, H1,2 are the two scalar dou-
blets in the Higgs basis under which only H1 develops
a vacuum expectation value, v ' 246 GeV (see [23] for
a review); QL ≡ (V †uL, dL)T , EL ≡ (U∗νnL, eL)T , and
nL = (νL, N
c
R)
T , with V and Uν denoting the 3×3 quark
and 6 × 6 neutrino mixing matrices, respectively. While
the matrices Yˆf are already in a diagonal form, Yf remain
non-diagonal and encode the extra Yukawa interactions
beyond the SM+3NR framework.
Starting with Eq. (1), we now exploit the situation in
which all the underlying symmetries are completely bro-
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2ken by the Yukawa sector but conserved elsewhere. As
a first example, let us consider the Z2 and CP symme-
tries that are conserved by the Higgs-basis scalar poten-
tial [23] but violated by the Yukawa sector. In this case,
the two neutral Higgs bosons (H and h) would decouple
from each other, and one of them (h) returns to the SM
Higgs boson (the so-called alignment limit). As a con-
sequence, there are no flavor-changing neutral currents
(FCNC) involving h, as in the SM.
Next, let us consider a flavor UQ(1)
3 × UL(1)3 sym-
metry that is broken completely by the Yukawa inter-
actions. It is expected that, once the SBS encoded in
the Yukawa sector vanish, the symmetry would be re-
stored. It can be further speculated that, if no additional
SBS arise in the NP model considered beyond those full-
filling already the symmetry recovery pattern as in the
SM, the extended Yukawa interactions should be con-
structed in terms of the SM ones. Following this obser-
vation, one can conclude that, if Yf were set to zero, the
SBS would stem only from Yˆf that are related to the
known fermion masses. In addition, the SBS would build
a symmetry restoration pattern in which the symmetry
UQ(1)
i0 × UL(1)i0 of the i0-th generation would be re-
stored in the neutral currents for vanishing i0-th quark
and lepton masses. When the Yukawa matrices Yf are
present, we find that, in order to keep the SM symmetry
recovery pattern intact, Yf can be constructed from the
fermion masses in the following way:
Yf,ij =
(
mfim
f
j
Λ2f
)nf
eiθ
f
ij , f = u, d, `,
Yν,ij =
(
miMi
Λ2νj
)nν
eiθ
ν
ij , (2)
which will be dubbed as the mass-powered textures. Here
Λ denotes the dimensional normalization factor, n is the
power, and θ represents possible CP -violating phase.
However, due to the presence of flavor mixings, the
symmetry recovery pattern does not hold in the charged
currents. To further guarantee that the charged currents
maintain the pattern without invoking new SBS, we find
that the fermion mass matrices in a general basis should
assume the textures,
Mfij ∝ mfimfj , f = u, d, `, ν, (3)
up to some dimensional normalization. Then, the basis
transformation matrices of the left-handed fermions V fL
under mfi0 = 0 would be of the form:
(V fL )i0j,ji0
∣∣∣
j 6=i0
= 0, (V fL )i0i0 = 1, (4)
which, together with Eq. (2), will make both the neutral
and charged currents arising from the Yukawa interac-
tions satisfy the SM symmetry recovery pattern.
The mass-powered textures in Eq. (2) indicate that the
FCNC mediated by the neutral (pseudo)scalars (H,A)
would be controlled by the fermion mass hierarchies.
This can, therefore, provide a simple realization of sup-
pressing FCNC involving the lighter fermion generations.
The same spirit has been studied originally by Cheng and
Sher (the so-called Cheng-Sher ansatz, which can be re-
produced here with Λf = v and nf = 1/2) [24]. On the
other hand, Eq. (3) suggests that, if mfi0 = 0, the spe-
cific structure of Mfij would disentangle the mixture of
the i0-th generation of fermions from the others.
Finally, it should be mentioned that, the SRM is not
conceptually valid for vanishing heavy neutrino masses,
because the generation of active neutrino masses relies on
the seesaw mechanism which entails a non-singular MR.
As a consequence, the heavy neutrinos are not expected
to carry U(1) charges in the physical basis. However,
this would in turn lead to an ambiguity in collocating
Yν with the heavy neutrino masses. Here, we have intro-
duced an aligned texture in Yν , which is motivated by the
explanation of the RK(∗) anomalies under the `i → `jγ
constraints, as will be elaborated later. In this Letter,
we do not intend to explain the hierarchies of fermion
masses and mixings in light of Eq. (3), but only develop
some phenomenological applications of Eq. (2).
Phenomenology.—We now apply the mass-powered
textures to the neutrino mass, DM, as well as the RK(∗)
and RD(∗) anomalies. In addition, we calculate the NP
contribution to the muon g − 2 as a further application.
For numerical analyses, we set Λu = mt, Λ` = mτ and
Λd  mb to allow sizable top- and tau-associated Yukawa
couplings, which are found to be essential for the LFUV
explanations and, meanwhile, to suppress the FCNC in
the down-quark sector. Possible CP -violating phases in
Eq. (2) will be neglected unless stated otherwise. The
scalar masses are considered around MS ' O(500) GeV
(S = H±, H,A), to sufficiently alleviate the scalar effects
on electroweak precision observables [25].
Neutrino mass and DM : As the neutrino mass spec-
trum is currently unknown, we cannot apply Eq. (2) di-
rectly to the neutrino sector. To have an understanding
of the neutrino mass generation, we start from a gen-
eral flavor basis and consider a lepton-like U(1) symme-
try, with the right-handed neutrinos carrying the U(1)
charges as QNR1 = 0, QNR2 = −QNR3 = 1, while all
other leptons carrying +1. In this case, N2 and N3 are
degenerate in mass, and the Yukawa couplings involving
N1 and N3 break the symmetry [20]. After rotating to
the physical basis in which the neutrino mixing informa-
tion is encoded solely in the Dirac mass matrix MD, one
can then find that, if the lightest sterile neutrino (denoted
as N1) plays the role of keV DM, all the elements of the
first column of MD will be strongly suppressed by the
cosmological X-ray observation (see [26] for an updated
review). Thus, only two neutrino masses will be gener-
3ated at the atmospheric scale ∆matm ' 0.05 eV [27], and
the resulting mass hierarchy assumes either the normal
ordering (NO), 0 ' m1  m2 < m3, or the inverted
ordering (IO), 0 ' m3  m1 < m2.
As the DM candidate, the lightest sterile neutrino
N1 plays the role of Feebly Interacting Massive Parti-
cle [28], since the associated Yukawa couplings that break
the lepton-like U(1) symmetry are expected to be sup-
pressed. In this case, the relic density of N1 will be accu-
mulated by the freeze-in mechanism [28] via the decays
S → N1 + l (l = ` or ν) when the scalars are in ther-
mal equilibrium with the SM bath. In Fig. 1, the current
DM relic density, ΩDMh
2 = 0.12 [29], is fitted with a
serendipitous hierarchy Λν1 = 10
5Λν2 MeV (cyan line).
The sterile neutrino DM mass is fixed at M1 = 7.1 keV
which populates the warm DM region [30, 31], and is
able to explain the 3.5 keV X-ray observations via the
radiative decay N1 → νγ [32–34], without violating the
Lyman-α and X-ray observations [35]. In addition, we
have taken M2 > MS so as to open the decay channel
N2,3 → S+ l, which can sufficiently decrease the lifetime
of N2,3. The resulting impact of N2,3 on the effective
relativistic degrees of freedom at the Big Bang Nucle-
osynthesis epoch can be, therefore, neglected safely [36].
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Figure 1. Explanation of RK(∗) anomalies in light of the up-
dated LFUV global fit (shaded band) [37–40], with the black
line corresponding to the best-fit point. The yellow and green
regions are excluded by the µ→ eγ and τ → µγ constraints,
respectively. The blue region is excluded by Z → µ+µ− and
the red one by RWµe. The cyan line corresponds to the DM
relic density ΩDMh
2 = 0.12 [29] with a serendipitous hierar-
chy Λν1 = 10
5Λν2 MeV.
RK(∗) : The dominant NP contribution to b → s`+`−
stems from the H±-N2,3 mediated box diagrams, which
result in the effective Wilson coefficients CNP9` = −CNP10` ∝∑
i=2,3 |Yν`i|2 (corresponding to the semi-leptonic oper-
ators O9(10) = αem/(4pi) (s¯γµPLb)
(
¯`γµ(γ5)`
)
). It is seen
that, due to the neutrino mass hierarchy encoded in
the aligned mass-powered texture, the necessary flavor
non-universal couplings appear naturally, and the LFUV
observables RK(∗) can be explained by the fact that
M2  M1 and m2 > m1. Nevertheless, such a muon-
neutrino specific Yukawa coupling may give significant
effects on muon-associated observables. To clarify that a
successful explanation of the RK(∗) anomalies is possible
with such a coupling, we further take into account the
primary constraints from µ → eγ, τ → µγ, Z → µ+µ−,
as well as the ratio RWµe ≡ Γ(W → µν)/Γ(W → eν) that
tests the lepton-flavor universality [29].
From Fig. 1, it is clearly seen that the updated
model-independent analyses [37–40] that prefer CNP9µ =
−CNP10µ < 0 with a significance at the level of ∼ 4σ can
be well reproduced here, as shown by the shaded band.
Here we have taken the IO of the active neutrino masses,
m1 = 0.049 eV, m2 = 0.05 eV [27], and the remaining
much lighter one m3 ' O(10−6) eV estimated from an
explanation of the 3.5 keV X-ray line [41]. With such
a numeric setup, the resolution of the RK(∗) anomalies
exists under all the constraints considered. However,
we find that if the active neutrino masses have the NO
pattern, the parameter region allowed by the RK(∗) ex-
planation will be completely ruled out by the τ → µγ
constraint. Furthermore, we have also checked that, if
the neutrino Yukawa matrix displays a non-aligned tex-
ture, Yν,ij ∝ miMj , the resolution of the RK(∗) anoma-
lies would be excluded by µ → eγ or τ → µγ, no mat-
ter which hierarchies of the active neutrino masses are
taken. Therefore, being in association with the light-
est heavy neutrino as a 7.1 keV DM, the aligned mass-
powered texture of Yν serves a twofold role, on the one
hand accounting for the LFUV in RK(∗) and on the other
hand predicting an IO of the active neutrino masses.
RD(∗) : The NP effect on b → cτν transitions arises
predominantly from the tree-level charged-Higgs contri-
bution, and depends on the top-charm coupling Y∗u,32 and
the leptonic coupling Y`,33 after summing over the final
invisible neutrino states. In this regard, a significant con-
tribution to the Wilson coefficient CSL (corresponding to
the effective Hamiltonian 2
√
2GFVcbCSL(c¯PLb)(τ¯PLν))
arises and is adjusted to the updated formulae in [42].
To verify that the model provides a feasible resolution of
the RD(∗) anomalies, we consider the bounds from the
branching ratio B(Bc → τν) derived from the Bc life-
time [43–45], and the D∗ longitudinal polarization frac-
tion, FD
∗
L = 0.60 ± 0.08(stat) ± 0.04(syst) [46], which
differs from its SM prediction, FD
∗
L = 0.455± 0.003 [47],
by ∼ 1.6σ. Following [48], we further consider the mass
difference ∆Ms in the Bs − B¯s system and the inclusive
B → Xsγ branching ratio, both of which receive sizable
NP effects from the top-associated Yukawa couplings.
As shown in Fig. 2, a 1σ-level explanation of RD(∗)
anomalies is feasible under B(Bc → τν) < 60% [42],
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Figure 2. A simultaneous explanation of RD and RD∗ anoma-
lies is shown in red with 1σ (darker) and 2σ (lighter) experi-
mental errors, respectively. The regions below the black and
blue curves are already excluded by B(Bc → τν) > 30%,
B(Bc → τν) > 60%, and FD∗L (at 1σ level). The gray region
is excluded by B(B → Xsγ), while the 2σ range allowed by
∆Mexps /∆M
SM
s is indicated by the green region.
while a simultaneous explanation can be realized only
at 2σ level if B(Bc → τν) < 30% [43] is imposed. Here
the 2σ range allowed by ∆M exps /∆M
SM
s (green region)
is obtained with ∆M exps = (17.757±0.021) ps−1 [49] and
∆MSMs = (20.01±1.25) ps−1 [50, 51]. On the other hand,
by taking n` ' 1, the charged-lepton mass hierarchies en-
coded in Y` would induce significant effects on the τ chan-
nel but suppress those in the µ/e modes. This ensures
negligible effects on B(B → D(∗)µν¯)/B(B → D(∗)eν¯) [52]
and, at the same time, provides a natural explanation
of the RD(∗) anomalies. Concerning the constraint from
H± → τν searches at the LHC, it is found that the decay
width of H± is now dominated by B(H± → τν) (30%)
and B(H± → tb) (70%), and the strength of σ(pp →
H±) × B(H± → τν) will be reduced compared to the
case with B(H± → τν) ' 90%. Therefore, the com-
patibility between the RD(∗) explanation and the LHC
constraint from H± → τν searches [53] can be realized,
as the latter becomes weaker by at least a factor of three.
∆aµ: As a further application of the mass-powered
textures, let us now consider the longstanding puzzle ob-
served in the muon g − 2, aµ = (gµ − 2)/2. The current
value, ∆aµ = a
exp
µ −aSMµ = (27.06±7.26)×10−10 [54], ex-
hibits a 3.7σ discrepancy between theory and experiment.
However, the present SM prediction is still plagued by
large hadronic uncertainties, leading to a possible range
of 0.7− 4.2σ deviations [55]. Furthermore, a milder dis-
crepancy, including the no-NP solution, has also been
implied by the recently refined lattice calculations of the
hadronic contributions to the muon g − 2 [56, 57]
Here, the NP contributions arise from both the one-
loop diagrams involving the muon-tau Yukawa couplings,
as well as the two-loop Barr-Zee diagrams involving the
top and tau Yukawa couplings even in the degenerate
mass regime of the scalar bosons [48]. In Fig. 3, we
show the parameter regions required to explain the cur-
rent g − 2 data, as well as the constraints from lepton-
flavor changing (LFV) processes, with the primary one
resulting from τ → 3µ. It is seen that the mass-powered
textures cannot explain the current 3.7σ discrepancy of
the muon g − 2 at 1σ level. Instead, the 3σ-level accom-
modation suggests a milder discrepancy or even no-NP
solution of the muon g−2, which is in line with the latest
refined lattice results [56, 57].
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Figure 3. NP effects on ∆aµ under the constraints from LFV
processes. The 1−3σ regions of ∆aµ [54] are shown in green.
The region below the black, blue, and red curves are excluded
by τ → 3µ, µ → eγ and τ → µγ, respectively. θu33 = pi is
chosen to obtain a maximal NP contribution to ∆aµ.
Conclusions.—We have presented a constrained but
powerful 2HDM embedded with three right-handed neu-
trinos. By taking the Yukawa interactions as the sole
breaking source of a global UQ(1)
3 × UL(1)3 symmetry,
and following a natural consideration that the symmetry
should be restored in the limit of vanishing SBS (dubbed
as SRM), we found that the new Yukawa matrices beyond
the SM+3NR framework manifest elegant mass-powered
textures, which facilitate a dynamical control of FCNC
by the fermion mass hierarchies. On the other hand, the
SM+3NR Yukawa structures in a general basis can dis-
entangle the mixture of the massless fermions with the
other massive ones.
The mass-powered textures induced from the SRM ren-
der a correlative incorporation of the neutrino mass, DM,
as well as the LFUV observed in RK(∗) and RD(∗) . Let us
5summarize the main results. Two atmospheric-scale neu-
trinos are generated by a U(1)-protected low-scale see-
saw mechanism, while the remaining much lighter one
is fixed by a 7.1 keV sterile neutrino DM. Such a DM
can explain the 3.5 keV X-ray line, and its relic density
is produced by the freeze-in mechanism via the thermal-
ized scalar decays. In light of the mass-powered textures,
the aligned collocation in the neutrino Yukawa sector ac-
counts for the LFUV in RK(∗) via an IO of the active
neutrino masses, while the charged-lepton mass hierar-
chy explains the RD(∗) excess. Finally, a milder discrep-
ancy of the muon g − 2 suggested here can be served as
a further verification of our framework in the future.
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